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LETTERS TO THE EDITOR
Computer-Assisted Diagnosis in Noninvasive
Evaluation of Coronary Artery Disease
Diamond et al. (I ) noted that the average difference between
the observed prevalence of coronary artery disease and the pre-
dicted probability was 3.4% for estimates based only on age. sex.
symptoms and risk factors. while the difference between observed
and predicted prevalence after all available tests but before angi-
ography was 3.0%. The difference of 0.4% would suggest to the
casual reader that the accuracy of the predicted probabilities had
improved only marginally. Then. the authors state that "the pos-
terior probability should always correlate well with actual disease
prevalence. . .. Additional testing. then. moves the individual
patient to a different population subset with a different disease
prevalence and a different probability which represents that prev-
alence. " However. it is not clear from their results that patients
were moved to different population subsets with additional testing.
Our own data (2) suggest that with the information derived
from seven clinical variables (typical angina. Q waves. sex. history
of acute myocardial infarction. recent smoker. cholesterol level.
age). the addition of the exercise tolerance test results increased
the accuracy of separating patients with coronary artery disease
from normal subjects from 84 to 87%. suggesting that the results
of the exercise tolerance test are either not independent of the
clinical history or that the exercise tolerance test makes a trivial
contribution to the clinical data. Similarly. Weiner et al. (3) found
that " . . . the sex of the subject and the subjective expression of
chest pain are of great value in predicting the presence or absence
of coronary artery disease. The electrocardiographic response to
exercise . . . appears to be greatly influenced by the prevalence
of this disease in the population under study."
Assuming Diamond et al. have the data to test directly the
independence issue. their findings would be useful to the clinical
cardiologist. If the results indicate that the tests are not stochas-
tically independent. as appears to be the case with the clinical
history and the exercise tolerance test. the implications for the
CADENZA program would appear to be important.
HERBERT SHERMAN. DEE
E. FRANCIS COOK. ScD
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Harvard School of' Public Health
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Our manuscript was in press when the data of Goldman et al.
were published. We therefore welcome the opportunity to compare
our observations with theirs.
We apologize for any unintended vagueness concerning the
dynamics of our probability assessments. Prior to noninvasive
testing. 24% of our patients without disease had a disease prob-
ability under 10% (based on age. sex. symptoms and risk factors).
and 20% of patients with disease had a probability over 90%. After
testing. 36% of patients without disease had a probability under
10%. and 44% of patients with disease had a probability over 90%.
While there was a net shift of 19% of our patients toward the
extremes of probability. it is indeed correct that the accuracy of
these probability assessments increased only marginally as addi-
tional data were introduced. A specific example might better il-
lustrate what we meant when we stated that additional testing
moves patients to different population subsets without affecting
accuracy. Suppose that a patient has a disease probability of 30%
after electrocardiographic stress testing. Our statement that this
probability is accurate implies that about 30 in every 100 patients
with a disease probability of 30% actually have disease. If we now
perform thallium scintigraphy. the probability of 30% will be al-
tered by whatever test result we observe. If the study is interpreted
as revealing reversible regional hypoperfusion. for instance. dis-
ease probability will increase to 83% ( I). Although additional
testing has defined a new population subset (e.g .. the subset of
patients with a disease probability between 80 and 90%). the new
probability of 83% is just as accurate as was the old probability
of 30%; i.e. . about 83 in every 100such patients now have disease.
Goldman et al. used threshold analysis to define the incremental
value of diagnostic testing. Although we appreciate the pragmatic
utility of this approach in clinical decision-making. we do not
think its use here is appropriate because it ignores the important
role of probability as a continuous measure of uncertainty (2). A
perfectly accurate measure of probability. for example. will max-
imally discriminate patients with and without disease at a threshold
probability of 50%. At this threshold. sensitivity. specificity and
overall accuracy (the prevalence-weighted average of sensitivity
and specificity) each will be only 75% (2). while information
content (3) will be only 18%. Thus. an accurate probability state-
ment-by its very nature-cannot be an accurate categorical dis-
criminator. On the contrary. if sensitivity and specificity are perfect
( 100%) . then our probability statement loses its meaning because
a " probability" of 51% and of 99% would both indicate the pres-
ence of disease with equal (perfect) accuracy.
These observations notwithstanding. Table I compares our re-
sults with those of Goldman et al. using the threshold analysis
they employed. We analyzed only their patients without Q waves
or a clinical history of myocardial infarction. because we do not
consider it relevant to evaluate the effectiveness of " diagnostic"
testing in patients with an already "establ ished" clinical diagnosis.
The results of our comparison were very similar: there were no
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Table 1. Accuracy of Noninvasive Testing
(Cedars-Sinai vs. Brigham)
ETT = electrocardiographic treadmill test; MI = myocardial infarc-
tion; p = disease probability.
Sensitivity
Specificity
Overall accuracy
Information content
Net correct yield
Threshold p = 0.1
Threshold p = 0.5
Threshold p = 0.9
Brigham Patients
Without Q Waves or
Cedars-Sinai Clinical History
Patients (n = 170) of MI ( n = 149)
Pre-Test Post-Test Pre-ETT Post-ETT
68% 81% 83% 89%
80% 79% 70% 75%
71% 81% 78% 83%
17% 26% 20% 31%
2% 3%
9% 5%
16% 15%
the conditional probability, p(A given B). We previously reported
on the stochastic independence of several of our variables (5), but
we do not yet have enough data to assess them all. At present,
however, it appears that Bayes' theorem is very robust relative to
departures from this assumption of independence. Even logistic
models such as that employed by Goldman et al. do not avoid
variable to variable dependence unless all the relevant cross-prod-
uct interactions (e.g., Age x ST depression) are introduced into
the model.
A FORTRAN 77 version of CADENZA , which was written
for a Digital Equipment Corporation VAX 11/750, is available at
no cost to interested investigators. The program can be easily
modified forothercomputersystems.
GEORGE A. DIAMOND, MD, FACC
BRAD H. POLLOCK, MPH
Division of Cardiology
Cedars-Sina i Medical Center
8700 Beverly Boulevard
Los Angeles. California 90048
The paper by Camara and colleagues ( I) is an excellent pre-
sentationof the meaningand implications of reciprocal ST change
in acute myocardial infarction. The authors, however, left me
confused on one point. They conclude that reciprocal ST depres-
sions are " infl uenced by factors determining the degree of acute
ST elevation previously shown to include infarct size, shape. lo-
cation, transmurality and duration." By "transmurality" do the
authors mean: A) anatomically demonstrated full thickness left
ventricular wall infarction . B) high correlation with severe wall
motion abnormality or C) high correlation with Q waves (Q waves
being an undependable index of " transmurality" [2,3j)?
I emphasize that this question is for clarification and not in
criticism of an excellent job by excellent investigators.
I . Diamond GA . Forrester J5 . Metad iagnosis: an ep isternologic model o f cl inical
jud gment. Am J Med 1983:75:129-37.
2. Diamond GA . An improbable criterion of normality. Circulation 1982:66:68 1.
3. Diamond GA . Hirsch M. Forrester J5 . et al. Application of information theory
to clinical diagnostic testing : the electro cardiogr aphic stress test. Circu lation
198 1;63:9 15- 2 1.
4. Charu zi Y. Diamond GA , Pichler M, et al. Analysis of multiple noninvasive test
procedures for the diagnosis of coronary artery disease. C1in Cardiol 1981:4:64- 74.
ST Change in Myocardial Infarction
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Figure 1. Relation between true posinve rate (sensitivity) and
false positive rate (specificity) for all diseaseprobability thresholds
(see text).
significant differences (F test) between Brigham patients assessed
by multivariate logistic regression and Cedars-Sinai patients as-
sessed by Bayesian analysis.
Changing the probability threshold for our comparison would
not change this conclusion. Figure I illustrates the relation between
true positive rate (sensitivity) and false positive rate (specificity)
for all disease probability thresholds (a receiver-operating char-
acteristic curve), using the data presented in Table 3 of our article.
The lower curve is based on age, sex, symptoms and risk factors
(pre-test), while the upper curve is for all tests before angiography
(post-test). The square symbol indicates the maximally informa-
tional point of each curve (at a threshold probability of 57 rather
than 50%). The curves are not significantly different from one
another.
We agree completely that noninvasive test observations are not
independent of the clinical history because they both owe their
origins to a commoncause- myocardial ischemia. This, however,
is not what is usually meant by the term "independent." The
observation A is formally defined to be stochastically independent
of the observation B if and only if its probability, p(A), equals
